Developments in Clinical Chemistry since 1900
H. VARLEY BIOCHEMISTRY DEPARTMENT, MANCHESTER ROYAL INFIRMARY
In preparing this account, besides using the University Medical Library, I have been able to study the laboratory records of Manchester Royal Infirmary which began in 1902. These are complete to the middle of the 1930's. Thereafter, though less complete and less accessible because of their bulk, they are still valuable. Since 1927 I am able to supplement them by personal recollections.
Two facts stand out for the first 20 years of this century. In the laboratory, little was happening. About 1,000 tests on average were being done yearly. Of these only 1(}-15 %were biochemical.
The most popular was the examination of gastric contents, variously described as such, as vomit, or as a test breakfast. Free hydrochloric and lactic acid were reported as present or absent; sometimes, especially after a test breakfast, free and total acid were determined and reported as degrees of acidity (0) these in fact being m-equiv. /1. Sugar and urea were estimated in urine and qualititative tests were occasionally carried out for acetone, albumin, bile and sugar in urine and for blood in fa:ces-the use of the benzidine test being specifically mentioned in 1911. Urine deposits were examined for crystals, osazones prepared a few times, a calculus examined and a cyst fluid investigated, for example for diastatic ferment. This was the pattern with minor variations. Thus, for a short period in 1906, albumin, chlorides and urea were determined in the same specimens of urine, at another time someone took a brief interest in the amount of phosphates in urine, and on three occasions, patients breathed into water and the iodoform test for acetone was done on this, once glucose was given and the urine tested for sugar; two urines were tested for carboluria, and insect powder, negatively, for arsenic.
However, during the 1914-1918 war there was a marked fall in chemical tests so that in 1920 very few indeed were being done.
In contrast, mainly in the United States, techniques were being developed, which, usually with modifications, were to form the mainstay of the period between the wars. These included the Wohlgemuth technique for diastase (1908), Benedict's qualitative and quantitative solutions for urinary sugar (1909, 1911) ; the alkaline picrate method for creatinine, the application of the reaction of uric acid with a phosphotungstic acid reagent to blood by Folin and Denis, and the Lange Gold curve (1912) ; the use of Ehrlich's diazo-reagent to determine bilirubin by Van den Bergh, and a micro-method for blood sugar by Bang (1913) . This latter was an alkaline copper method with iodometric titration to measure the amount of reduction. Further micro-methods using this type of technique followed including that of Maclean (1919) wars. The range of tests described is almost identical with that we were doing in Manchester. This comprised the estimation of BMR, carbon dioxide combining power, blood sugar and reducing substances in urine, the glucose tolerance test, proteins in urine, blood urea, cholesterol, chloride, creatinine (and creatine), uric acid and phosphate, urea concentration tests and the phenol red excretion test, the fractional test meal and occult blood test. For pancreatic tests the urine diastase, fecal fat and muscle fibres in faces, and for hepatic tests the Van den Bergh reaction, urine bilirubin and urobilin, the lrevulose tolerance test and a dye removal test similar to the bromsulphthein but using phenoltetrachlorphthalein. Chapters on the C.S.F. and blood calcium completed the book. Apart from an occasional stone and coloured urine, other tests were few and far between.
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From 1928 to 1938, the last full year before the war, the number of tests rose from 3,216 to 13,860 an annual increase of 15.7 %, a rate we have almost maintained ever since. Excluding blood sugars, the proportion of which fell from about 80 to 59 %, blood ureas, BMR's, test meals and C.S.F's the number of other chemical tests rose from 206 to 2,185, and the number of different tests from barely 20 to over 40. Urea clearance tests were being done, sulphonamides had arrived and, a harbinger of things to come, calcium, phosphatase and alkaline phosphatase were being requested together as were sodium, potassium, chloride and urea, this because we were taking part in a trial of an adreno-cortical extract for treating Addison's disease. But I remember no change in tests used in liver and pancreatic disease; we were, however, using histamine as a stimulant of acid in the stomach.
The inter-war period was the age of the visual colorimeter, though, of the techniques we were using in 1928, only four were colorimetric and in 1938, only 10. When possible, one preferred the techniques of volumetric analysis. However during the forties two important new instruments came into use. The first, the most important single development in clinical chemistry, was the photoelectric colorimeter. Early forms had been used in the United States in the late thirties and in 1942, E. J. King described a model which had been put together in his laboratory. I well remember that the chief technician in our laboratory made one, mostly during the evenings while fire-watching during the war, a remarkable two-cell null-reading instrument of the KlettSummerson type which we used for many years. Anyone who used the old visual colorimeters knows the difference that photoelectric ones made.
The second instrument was the flame photometer. Some became available in the U.S.A. in 1945, but not for some years later in England. However during the late forties it was possible to assemble one using a glass atomiser and glass burner with a platinum tip, devised by Domingo and Klyne. An oxy-acetylene flame was used.
We had such an instrument, put together by my senior technician, in use well before the EEL flame photometer appeared. This came at a most opportune time. The importance of Na, K and Cl had most surprisingly only come to be realised during and just after the war. Marriott's lectures on salt and water depletion in 1947 brought this to the notice of clinicians. Thus began the increase in requests for serum electrolytes which now in our case sometimes exceeds a hundred a day.
The forties can be divided into two halves, a period of standstill during the war followed by a resumption of the advance roughly at the same rate as in the thirties. From 1944 to 1949, our tests rose from 13,927 to 28,505, 15.4% per annum; general chemical tests rose from 2,462 to 11,170, and the proportion of blood sugar estimations fell below 40 %. Besides the increase in electrolytes, there were developments in tests used in liver disease. The flocculation tests combined with alkaline phosphatase were being used. We did the cephalin cholesterol during the war and were glad to change to the thymol turbidity in 1944. These with determination of urine and fecal urobilinogen and newer versions of the galactose test helped considerably to improve diagnosis in liver disease and jaundice. One might call this the pre-enzyme period in this field.
Acid phosphatase was also being measured. The Gutmans in 1938 had adapted the KingArmstrong alkaline phosphatase technique (1934) for this, which led me at least to change to this from the Bodansky method using p-glycerophosphate.
It was about 1940 that we began to use dithizone and, at last, were able to do lead estimations realistically and, in the late forties, to determine mercury in urine when the association of pink disease with taking calomel was realised.
In 1938, Callow published his use of the Zimmerman reaction to determine 17-ketosteroids, the first of the steroid determinations to reach routine use.
As the forties drew to a close, came the first impact of chromatography with its application to urine amino acids and sugars, to be quickly followed by paper electrophoresis. But some of the most notable advances of the fifties were in the field of hormone determinations with the advent. of the Norymberski techniques for corticosteroids and with the development of reliable techniques for pregnanediol, pregnanetriol, and oestrogens, followed by techniques satisfactory for routine use for catecholamines and their metabolites. Hormone assays now formed an important section of the work of the biochemist.
Subsequent developments are familiar to all of us. The introduction of techniques for intracellular enzymes beginning with the transaminases, the revolution in the control of respiratory disorders by the Astrup techniques, renal dialysis, open-heart surgery, the increasing emphasis on intensive care, have combined to maintain almost the same rate of increase in the number of tests as in the thirties and forties. From 28,505 in 1949 we went to 87,750 in 1958, to 207,720 in 1965 , and to an estimated over 230,000 this year.
To help us to cope with the last part of this geometric increase we have had the AutoAnalyzer. But this type of instrument belongs more to the next phase of clinical chemistry and provides an appropriate note on which to conclude this survey. Therefore, the isolation of enzymes organisms. They can be isolated from their cells, consists primarily in removing large amounts of but one has to adapt a sequence of comparatively other protein and nucleoprotein material and few basic operations to a variety ofraw material, simultaneously protecting the desired enzyme liver, muscle, heart, spleen and pancreas of pig, from the attack of proteolytic enzymes. beef, lamb, rabbit and pigeon, vegetables such . . as cabbage, spinach, horseradish, microorganThe pUrified. enzymes are m general more isms especially yeast and finally snake venom. stable t~an t!l:e~mpure ones. Most of them hav.e , a loss In activity of less than 5 % per year If
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